An evidence-based synthesis of patient preferences for management of hyperglycemia is needed. Our objective was to systematically review patient preferences for noninsulin diabetes medications in adults with type 2 diabetes.
Patient preferences measure a patient's value for a specific outcome in relative (e.g., importance of weight loss vs. glycemic control) or absolute (e.g., importance of weight loss) terms (2) . Additionally, patient preferences can be measured by how a patient chooses between treatment options or how a choice is influenced by the importance a patient places on a particular attribute of treatment. Preference measures differ from the better-studied patient-reported outcomes (PROs) such as health-related quality of life outcomes (HR-QoL) in that PROs provide information on a patient's status at one point in time (e.g., HR-QoL after treatment with metformin) (2) . Patient preferences seek to evaluate the relative importance of the attributes that contribute to the patient status at a future point in time. In other words, HR-QoL and other PROs (e.g., gastrointestinal side effects vs. improved glycemic control with metformin) can be considered as attributes of medication for which patients can express a preference.
Even though patient preferences are deemed important by major diabetes professional societies (1), little is actually known about patient preferences for the treatment of type 2 diabetes (2) . Therefore, we conducted a systematic review to identify and analyze studies of patient preferences in patients with type 2 diabetes not on insulin.
RESEARCH DESIGN AND METHODS

Study Design
We performed a systematic review of published studies that describe patient preferences for noninsulin diabetes medications (oral or injectable) in adults with type 2 diabetes. We also examined factors that could influence the risk of bias of study findings. A written study protocol was prepared in accordance with the PRISMA statement (3), and the review was registered with PROSPERO (systematic review record CRD42012002285).
Data Sources and Searches
We searched the PubMed, Embase, CINAHL, and EconLit databases for studies published on or before 23 January 2013. Methodology and content experts within our team developed comprehensive search strategies to identify relevant studies. Our search terms consisted of key words for diabetes medication treatment, as well as methods used to assess patient preferences (e.g., conjoint analysis, decision analysis, utilities, and stated preferences) about medication treatment. The detailed search strategies are included within Supplementary  Table 1 .
Study Selection
Two reviewers screened all titles independently. Titles were excluded if both reviewers determined that they did not meet inclusion criteria. Remaining articles and those with no titles proceeded to abstract review. Both reviewers independently screened abstracts of all remaining articles. Articles were excluded at this stage if both reviewers determined that they did not meet inclusion criteria. Disagreements about inclusion or exclusion based on abstract review were determined by consensus. Two investigators then reviewed the full text of all remaining articles and those with no abstracts. We included studies if they 1) included adult patients with type 2 diabetes and 2) assessed patient preferences related to medication treatment of type 2 diabetes. We defined a preference as a patient's a priori selection or rating of one treatment alternative over another, given a choice of at least two treatment options (4). We excluded articles if they 1) were not written in English, 2) did not assess patient treatment preferences, 3) included only patients ,18 years old, 4) contained no original data (e.g., review, commentary, editorial, or meeting abstract), 5) only assessed preferences for treating diabetes complications or comorbid medical conditions, 6) only included nonmedication diabetes treatment, 7) only assessed patient satisfaction with or adherence to treatment, or 8) only included insulin therapy. Consensus on study inclusion was reached by at least two reviewers.
Data Extraction and Quality Assessment
For each article that met our inclusion criteria, two reviewers extracted data, including information on study design, treatments compared, locations, sample size, participant characteristics, preference elicitation methods, funding sources, and treatment-related attributes associated with patient preferences. Reviewers resolved disagreements by discussion and adjudication with a third party (i.e., a health economist with expertise in assessing patient treatment preferences).
Two reviewers used a checklist adapted from previously published instruments evaluating general study quality (5, 6 ) and the Purpose, Respondents, Explanation, Findings, Significance (PREFS) checklist (4) specifically developed based on guidelines for conjoint analysis, PROs, and randomized and nonrandomized trials to independently assess study reporting on factors that could influence the validity of findings, including study external validity (i.e., well-described inclusion and exclusion criteria) and factors influencing study internal validity (i.e., a well-defined study question that includes key PICOTS [population, intervention, comparator, outcomes, timing, and settings] components [6] , a comprehensive description of treatment alternatives, appropriate measurement of patient preferences, appropriate analytical techniques for the given data, and prespecified analysis [Supplementary Table 2] ).
Data Synthesis and Analysis
We decided a priori not to statistically combine results in a meta-analysis because we expected studies to be methodologically and clinically diverse. For instance, some studies ranked patient preferences using conjoint analysis or an alternative discrete choice experiment whereas others reported patient utilities for a particular treatment. Therefore, we qualitatively synthesized results for individual studies within summary evidence tables to help clarify the similarities and differences among studies that appear to address similar research questions across a variety of measures and patient populations.
RESULTS
Search Results
Of 2,811 total citations (613 in PubMed, 1,437 in Embase, 739 in CINAHL, and 22 in EconLit), 211 articles were eligible for full text review. We included 10 studies that met our inclusion criteria in the final review (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (Fig. 1) .
Study Characteristics
Eligible studies were conducted from 2007 to 2012. All studies were crosssectional, and sample sizes ranged from 129 to 1,355 participants. Half of the studies were performed in the U.S. (9) (10) (11) 15, 16) , and the remaining studies included participants from Sweden (12,13), Denmark (7), and the U.K. (8, 11, 14) . Industry/pharmaceutical companies funded the majority of the studies (7, 8, (11) (12) (13) (14) (15) (16) (Table 1) .
Methodological Quality of Included Studies
All studies included a well-defined study question and conducted prespecified analyses. The majority described their inclusion and exclusion criteria well (70%), provided a comprehensive description of treatment alternatives (90%), used appropriate measures to assess patient preferences (90%), and conducted analyses that were appropriate for the study data (80%) (Supplementary Table 3 ).
Methods Used to Assess Patient Preferences
Methods to assess patient preferences for noninsulin diabetes medications included the following: discrete choice experiments (7, (11) (12) (13) , time tradeoff methods (9,10), conjoint analysis exercises combined with time tradeoff (16) , survey questions with Likert-type ratings scales (15), and standard gamble (8, 14) (Tables 1 and 2 ).
Types of Treatment Comparisons Included When Assessing Patient Preferences
Studies compared a variety of noninsulin diabetes medications when assessing patient preferences for treatment. These comparisons included specific diabetes medications, such as liraglutide, rosiglitazone, and exenatide (12, 16) , as well as broader categories of medication types (e.g., oral drugs vs. injections) (7, 13, 15) . Several studies included hypothetical medication profiles of treatment attributes (e.g., intensive vs. conventional treatment) to assess patient preferences (8) (9) (10) (11) (12) 14) (Table 2 ).
Attributes Associated With Patient Treatment Preferences
Treatment Benefits
Attributes related to treatment benefits included treatment efficacy in improving glycemic control, patient weight loss or control, blood pressure control, and heart function, as well as factors associated with enhanced quality of Weight gain Nausea Hypoglycemia life, such as higher life expectancy, the avoidance of diabetes complications, and the ability to possess a driver's license. Of these, glycemic control was the most frequently examined benefit (7,11,13,15,16), followed by weight loss/control (7,12,13,15).
Treatment Burden
Attributes related to treatment burden examined within studies included the method of delivery and mode of administration, dose frequency and flexibility, required blood glucose and laboratory testing, treatment-related costs, and treatment intensity. Of these, treatment/ dose frequency and method of delivery/ mode of administration were the most frequently examined (7, 12, 13, 15, 16) .
Side Effects
Potential treatment-related side effects examined within studies included gastrointestinal effects (e.g., transient nausea and upset stomach), hypoglycemia, injection site reactions, weight gain, water retention, and increased risk of heart attacks. Hypoglycemia was the most frequently examined side effect (7,11-13,15,16), followed by gastrointestinal effects (7, (11) (12) (13) 16) (Table 2 ).
Relative Importance of Treatment Benefits Versus Treatment Burden and Side Effects When Assessing Patient Treatment Preferences
Seven of the included studies provided results (total of 54 direct comparisons) on the relative importance of treatment benefits and treatment burden and side effects in their assessment of patient preferences for noninsulin diabetes medications (7, 8, (11) (12) (13) 15, 16) . The most common attribute comparisons were weight loss/control and glycemic control versus treatment-related burden and side effects (Table 3) .
In four studies (17 total comparisons), patients ranked weight loss/control as more important than treatment administration or frequency (4 of 4 comparisons), cost (1 of 1 comparison), glucose testing (2 of 2 comparisons), gastrointestinal effects (3 of 3 comparisons), hypoglycemia (4 of 4 comparisons), and potential weight gain (2 of 3 comparisons) (7, 12, 13, 15) . Similarly, in five studies (19 total comparisons) (7, 11, 13, 15, 16) , glycemic control was ranked more important than treatment administration (4 of 4 comparisons), cost (1 of 1 comparison), glucose testing (1 of 1 comparison), gastrointestinal effects (2 of 4 comparisons), risk of hypoglycemia (5 of 5 comparisons), and potential weight gain (2 of 4 comparisons). Improved heart function was ranked as more important than treatment administration (2 of 2 comparisons), glucose testing (1 of 1 comparison), risk of hypoglycemia (2 of 2 comparisons), and potential weight gain (1 of 2 comparisons) in two studies (7, 13) . However, risk of gastrointestinal effects was ranked as more important than improved heart function (2 of 2 comparisons) in these two studies (7, 13) . Additional results on comparisons evaluated in a single study (7) are provided in Table 3 .
CONCLUSIONS
In this systematic review, we identified weight loss/control and glycemic control as key attributes of diabetes treatment that drive patient preferences when these factors were compared with treatment burden and side effects. Gastrointestinal effects were ranked as more important than hypoglycemia by patients within the included studies. Evidence on patient preferences related to other treatment-related attributes of risk and burden was sparse.
For the clinician, our review provides the best available information on the relative importance to patients of factors that likely influence their treatment decision making related to noninsulin medications for type 2 diabetes. Type 2 diabetes is a particularly preferencesensitive condition because of the multitude of available treatments, which have varied benefits, risks, and burdens. In this study, we identified weight loss/ control, glycemic control, and gastrointestinal side effects as particularly important to patients when considering treatment side effects/burden. Of note, patient BMI was also reported to be significantly associated with patient preferences about weight loss/control (e.g., patients with a BMI .30 kg/m 2 reported a higher willingness to pay for weight reduction than patients with a BMI ,30 kg/m 2 ) (7,13). Although these findings may not apply to individual patients, the consistency of results should raise awareness of the importance of these factors in the initiation and evaluation of medication outcomes. For example, perceived ineffectiveness of a medication on the part of a clinician could actually be related to nonadherence because of side effects that could be avoided with a different medication; a priori understanding of patient preferences could prevent these types of treatment obstacles. An important consideration in interpreting our results is that they apply to noninsulin diabetes medications generally; in fact, most studies did not focus on a specific medication, and only one study compared patient preferences relative to two specific medications (liraglutide and exenatide) (16); the others either did not specify medications (e.g., oral hypoglycemic vs. injectables) (7, 13, 15) or used hypothetical scenarios (8) (9) (10) (11) (12) 14) . Clinically, we expect that preferences for treatment-related attributes are independent of the specific treatment (e.g., a patient's preference for gastrointestinal side effects relative to hypoglycemia should be the same regardless of which medication is causing these side effects), and therefore, understanding general preferences regarding benefits and risks can be considered with specific medication attribute profiles to facilitate the overall medication decision. Thus, the included studies of both real and hypothetical medication profiles provide relevant information on preferences for treatment and move us closer to patient-centered care in diabetes. A major strength of this review is the conduct of a carefully designed literature search of several databases and the use of detailed methods consistent with PRISMA guidelines (3) throughout the study. We also used a detailed quality assessment instrument to evaluate factors influencing the risk of bias of study findings and anticipate that this instrument could be used in the future evaluation of preference studies. Included studies were conducted among both men and women with variation in age; were diverse in setting; and used a variety of methods to assess preferences, including discrete choice experiments, time tradeoff methods, standard gamble, and survey questionnaires. A majority of studies included a well-defined study question, described their inclusion and exclusion criteria well, and provided a comprehensive description of treatment alternatives.
As with all systematic reviews, the strength of our conclusions is dependent on the quality of available studies, and limitations of our study deserve consideration. We found that all of the studies meeting our inclusion criteria reported outcomes at a single time point, with many studies incorporating hypothetical scenarios or medication profiles. Thus, we were unable to assess the extent to which reported patient preferences align with actual treatment decision making when patients are faced with these decisions in real-world settings, and we could not evaluate patient preferences regarding treatment benefits or side effects over time. Also, studies rarely performed subgroup analyses of patient preferences and did not always account for important clinical (e.g., comorbidities) and demographic characteristics (e.g., race/ethnicity) that could potentially influence patient treatment preferences. Although all of the studies that performed statistical analyses conducted analyses that were appropriate for study data, there were several studies that performed little or no statistical analyses. Our quality assessment tool did not explicitly penalize studies for not performing statistical analyses, and thus this important limitation of assessing study internal validity should be noted. Although this literature provided evidence on patient preferences using a wide variety of methods, differences between preference assessment methods may have influenced the relative values patients placed on treatmentrelated attributes. Few studies tested whether using multiple preference assessment methods, such as both conjoint analysis and time tradeoff methods, would result in different patient choices. Studies also varied in their presentation of preference choices to patients. For example, some studies described "gastrointestinal effects" as transient nausea whereas other studies described it as upset stomach. Thus, caution is required when comparing the relative importance of treatment-related attributes across studies. We did exclude non-English language articles, but the included studies were comprised of differing patient populations representing five countries. Therefore, we anticipate that the exclusion of any non-English language articles would not significantly change our observed findings. Finally, the majority of studies were funded by pharmaceutical and device manufacturing companies, which may introduce the risk of publication bias.
To date, the evidence base for highquality comparative effectiveness research on how attributes of treatment efficacy, treatment burden, and potential side effects drive patient preferences for management of type 2 diabetes has been relatively lean. To our knowledge, we provide the first systematic review of patient preferences for noninsulin diabetes medication among adults with type 2 diabetes. Our review provides a comprehensive synthesis of available evidence regarding attributes of diabetes medication that are important to patient-centered decision making in the noninsulin treatment of type 2 diabetes.
One important consideration addressed by our methodology should be explored in future studies. Since there is a lack of a widely accepted definition of patient preferences and how they should be measured, we adopted a working theoretical definition of preferences, which most closely resembles the economics conceptualization of preferences, to guide our study inclusion criteria (4). On this basis, it is possible that we excluded articles that may contain useful preference information because they used definitions that did not meet our inclusion criteria. However, the uniform application of selection criteria is the bedrock of a well-conducted systematic review, and we believe that our definition of preferences was sensitive and specific, enabling us to identify the relevant articles. Guidelines on the definition of preferences are needed, and we believe that our study can provide a starting point for these.
Finally, preferences for treatmentrelated attributes must be combined with the probability of treatment-related outcomes to make a patient-centered decision. These types of analyses are outside the scope of the current study, but future studies should apply proven decision analysis methods, such as the Analytic Hierarchy Process (17) . We describe the use of this method for medication decision making in type 2 diabetes in a separate article (18) .
In summary, our systematic review of the evidence on patient preferences relevant to noninsulin type 2 diabetes medications reveals that weight loss/ control and glycemic control may drive patient preferences when compared with treatment-related burden and side effects. Of the studied medication side effects, risk of gastrointestinal effects was an important attribute associated with treatment preferences. Clinicians can consider the patient preferences identified in this study in the care of their patients, and researchers should build upon this by developing evidencebased guidelines for the future conduct and evaluation of preference studies. Preference elicitation provides a necessary stepping stone in the path to individualized care and patient-centered decision making in type 2 diabetes as recommended by major professional organizations (1, 19) . Ultimately, we must develop and implement clinical decision support tools that incorporate preferences in order to truly provide patient-centered care in the treatment of type 2 diabetes.
